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Although it is generally accepted that plant in vitro 
culture response is influenced by the donor genotype, 
the genetic and molecular bases of this phenomenon are 
barely known. As a consequence, the optimization of 
tissue culture protocols is mainly empirically done. 
Researchers of the IGEAF studied the genetic basis of 
the in vitro regeneration of various plant species, 
including the tissue culture response of artificially 
induced barley mutants. One barley mutant, MC 169, 
carries a nuclear gene, recently described controlling 
the root growth in hydroponic cultivation. Under this  
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condition, the roots of MC 169 mutant plants were 
longer than those of the original wild type line MC 182, 
a fact that was associated with a reduced ethylene 
biosynthesis. On the other hand, it is known that 
ethylene accumulation is inhibitory for in vitro 
regeneration of several plant species. In this study, we 
compared the in vitro culture response of mutant MC 
169 with that of its mother line MC 182. The data about 
induction and regeneration of calli as well as those of 
habituated calli formation demonstrated that mutant 
MC 169 and its mother line MC 182 show a similar in 
vitro behaviour. 
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A barley (Hordeum vulgare) mutant MC 169 was recently 
described (Martínez et al. 2004). The roots of this mutant 
have, under hydroponic cultivation, a growth pattern 
different from that of its mother line MC 182. This 
response is due to the absence, in the mutant, of the 
additional ethylene production observed in MC 182 roots 
under such growing conditions (Martínez et al. 2005). 
Ethylene biosynthesis is a process that is mediated by two 
enzymes: ACC synthase and ACC oxidase. Both enzymes 
are encoded by gene families and regulated by a complex 
net of environmental and developmental signals responding 
both to internal and external stimuli (Wang et al. 2002). On 
the other hand, ethylene production and in vitro response 
are related processes. Thus, ethylene accumulation inhibits 
in vitro regeneration in several plant species (Gong and 
Pua, 2004). It was also observed that the addition in the 
culture medium of ethylene synthesis inhibitors such as 
AgNO3 or AVG increases in vitro regeneration in monocots 
(Purnhauser et al. 1987; Songstad et al.1988) and dicots 
(Chi et al. 1991; Roustan et al. 1989). 

Although it is generally accepted that plant in vitro culture 
response is influenced by the donor genotype, the genetic 
and molecular bases of this phenomenon are barely known 
(Henry et al. 1994). As a consequence, the optimization of 
tissue culture protocols is mainly empirically done. 
Researchers of the IGEAF studied the genetic basis of the 
in vitro regeneration of various plant species (Franzone et 
al. 1998; Moltrasio et al. 2004), including the tissue culture 
response of artificially induced barley mutants (Ríos et al. 
1994). The aim of this work was to compare in vitro culture 
response of MC 169 with its mother line MC 182. 

MATERIALS AND METHODS 

Plant material 

Donor plants (barley mutant MC 169 and its mother line 
MC 182) were cultivated in three different environments: 
growth chamber (16 hrs photoperiod at 19 ± 2ºC), field 

(2004 average temperatures at Castelar experimental field 
were: June 12ºC, July 10.8ºC, August 12.7ºC, September 
14.8ºC, October 16.4ºC, November 18.7ºC and December 
22.4ºC) and greenhouse (20 ± 7ºC). Plants at field and 
greenhouse were sown during 2004, in the following dates 
(10/6, 15/7, 28/7 and 9/9). The soil at Castelar experimental 
field corresponds to a typical argiudol. In growth chamber 
and greenhouse the plants were grown in pots containing 
soil similar to that of the experimental field. 

Methods 

Tissue culture was carried out from immature embryos 
according to Franzone et al. (1998) but with B5 basal 
medium (Gamborg et al. 1968) instead. Statistical analyses 
were performed using a chi-square non-parametric test of 
independence (Sokal and Rohlf, 1969). 

RESULTS AND DISCUSSION  

In the first experiment 1262 immature embryos derived 
from plants grown in growth chamber, field or greenhouse 
were cultivated in vitro (477 from MC 169 and 785 from 
MC 182). Selected calli were transferred to regeneration 
medium (216 from MC 169 and 223 from MC 182). A high 
percentage of callus induction (ca. 85%) was observed for 
both genotypes derived from plants grown in all the 
environments (Table 1). Non significant differences were 
observed between genotypes for callus induction (χ2

(1, 

0.05):0.10). However, significant differences were detected 
among environments for this trait (χ2

(2, 0.05):20.73). The best 
results were obtained with explants derived from plants 
cultivated in growth chamber. Non significant differences 
were observed between genotypes for callus regeneration 
(χ2

(1,0.05):0.30) but significant differences were detected 
among environments for this trait (χ2

(2, 0.05):66.77), being the 
best results achieved with explants collected from plants 
cultivated in the greenhouse. The observed differences, 
both for callus induction and regeneration, among explants 
derived from donor plants grown in different environments 

Table 1. Callus induction and regeneration for MC 169 and MC 182 explants derived from donor plants cultivated in
growth chamber, field or greenhouse. 

 
Genotype Environment Callus induction (%) Regeneration (%) 

Growth chamber 89.2 26 

Field 81 27.7 MC 169 

Greenhouse 83.6 41 

Growth chamber 93 23.7 

Field 77.4 25 MC 182 

Greenhouse 82.6 38.7 
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are consistent with the general observation that  the choice 
of the environment where the donor plants are grown is 
critical in a tissue culture protocol. One of the main reasons 
for this could be the influence of the environment in the 
internal hormone balance of the explant (Roca and 
Mroginski, 1991). On the other hand, habituated calli, i.e. 
non-regenerant calli with continuous growth in the 
regeneration medium after successive subcultures, were 
observed with similar frequencies (ca. 11% of non-
regenerant calli) for both genotypes (χ2

(1, 0.05):0.031). 

An additional experiment to further assess tissue culture 
response of both genotypes was performed using explants 
derived from growth chamber-derived immature embryos. 
In this experiment 267 immature embryos were cultivated 
in vitro (137 from MC 169 and 130 from MC 182). 
Selected calli were transferred to regeneration medium (85 
from MC 169 and 82 from MC 182). A high percentage of 
callus induction (ca. 96%) was observed for both genotypes 
(Table 2). Non significant differences were observed 
between genotypes neither for callus induction 
(χ2

(1,0.05):0.53) nor for callus regeneration (χ2
(1, 0.05):0.57). In 

addition, habituated calli were observed with similar 
frequencies (ca. 43% of non-regenerant calli) for both 
genotypes (χ2

(1, 0.05):0.14). 

The observed in vitro response for both the MC 169 mutant 
and its mother line MC 182 was similar. It is worthy of 
mention that the only phenotypic difference between MC 
169 and MC 182 known so far is the growth pattern of the 
roots under hydroponic cultivation. In this situation, the 
roots of the mother line MC 182 respond to the stress 
caused by water with an increase of ethylene production 
whereas  this response is not observed in the mutant MC 
169. On the other hand, it is generally accepted that in vitro 
culture is an important cause of stress to the explants. 
However, the results presented herein suggested that the in 
vitro culture protocol used in this study did not trigger a 
differential response in ethylene biosynthesis for the 
analyzed genotypes measurable by the in vitro culture 
response assessed in this work. The similar behaviour of the 
mother line and the mutant can be understandable given the 
complexity of the genetic control of ethylene biosynthesis 
as well as its regulation during the development and also in 
response to different environmental stimuli. 
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